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DECLARATION UNDER 37_C.F,R. 1.132 

Dear Sir: 

1 . I, Samantha Jones, hereby declare and state the following: 

2. I am a citizen of the United Kingdom. I reside at 121 Upper lEttingshall Road, 
Coseley, Bilston, West Midlands, UK. 

3. i have a degree in Material Science from the University of Bath, received in 
1988, and a Ph. D. from the University of Birmingham, received in 1992. I have been 
continuously employed by the University of Birmingham since September 1992, in the 
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School of Metallurgy and Materials, working in the field of investment casting research. 
My current position is Research Fellow, working on research and development of 
gamma titanium aluminide alloy investment casting. 

4. I am the sole inventor of the subject matter of the above-idem ified patent 
application. 

5. As a person having ordinary skill in the art of investment casting, I have 
reviewed United States Patent No. 3,894,572, to Moore, Jr., hereinafter "Moore. 1 ' It is 
my opinion Moore does not disclose or suggest each and every feature of the claimed 
invention. 

6. Moore does not disclose gel-forming materials that are superabsorbent 
polymers, which are required in the claims of the present application. There is no 
mention of these polymers anywhere within the reference. 

7. The article attached in Exhibit 1 of this declaration, "Superabssorbent 
Polymers: An Idea Whose Time Has Come," by Fredric L Buchholz, wias printed in the 
Journal of Chemical Education, and is dated from 1996. This journal is an educational 
text. 

8. As stated in the opening paragraph of the Buchholz article, superabsorbent 
polymers are cross-linked polyelectrolytes that, due to their ionic nature and 
interconnected structure, absorb large quantities of water and other aq Jeous solutions 
without dissolving. As stated at the bottom of the first column of p. 512, the polymer 
forms a gel, and holds the moisture in a 'solid, rubbery state/ The liquid is thus held 
within the polymer structure, and is prevented from leaking. 

9. Moore does not mention at all that the polymers used for the chemical setting 
agents discussed therein show any degree of cross-linking, and therefore does not 
disclose superabsorbent polymers. The only discussion of cross-linking anywhere in 
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Moore is between the colloidal particles, and not within the setting agert polymers 
themselves, (col. 8, 1. 34-41) From this, it is clear that any cross-linking that occurs in 
Moore is a result of the reaction between the setting agent and the colloidal particles. 
This Is in contrast to the superabsorbent polymer of the present claims, which has a 
cross-linked structure within the polymer itself, 

10. One of ordinary skill in the art would have no reason to belie ve that Moore 
discloses superabsorbent polymers, i.e. polymers that are cross-linked, The polymers 
of Moore are disclosed as "polyfunctional organic acids." These polymers are chosen 
because of their polyanionic characteristics, and high anionic density. These 
polyanionic polymers react strongly with the positively charged colloidal particles, which 
enhances the chemical setting process so important to Moore, (col. 8, 1 34-41) 

1 1 . Cross-linked polymers, by contrast, such as the superabsorbent polymers of 
the present application, provide no additional anionic function. They would therefore be 
of no use to Moore, since the process disclosed therein is so dependent on the 
interaction between the anionic groups of the polymer and the colloidal particles, Moore 
would therefore provide no guidance for one looking to develop the process of the 
present application, which requires an absorption of moisture by the gel-forming 
superabsorbent polymer. 



3 



PAGE 8(14 * RCVD AT 4/2212009 1 2:21 :40 PM (Eastern Daylight Time] 1 SVR:USPTO-EFXRF-6/21 • DNISOTOO * CSID:2033276401 * DURATION (mm-ss):0444 



04/22/2009 12:27 



2033276401 



□HLANDT GRELEY 



PAGE 



Serial No. 10/587,425 



Art Unit: 1793 



I hereby declare that all statements made herein of my own knowledge are true 
and all statements made on information and beliefs are believed to be true. I further 
declare that these statements are made with the knowledge that wiltful faUie statements 
and the like so made are punishable by fine or imprisonment, or both, undsr 18 U.S.C. 
§1001. that such willful false statements may jeopardize the validity of the application or 
any patent issued thereon. 



Respectfully submitted, 



By: 



Sarnantha Jones 
Research Fellow 



Ml i Mi. t 
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An Idea Whose Time Has Come 



FredrSc L- Buchhofz 
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A Brief History of Superabsorbent* 

Superabsorbent polymers are cross-linked poryelectro- 
lytes. Because of their ionic nature and interconnected 
structure, they absorb large quantities of water and other 
aqueous solutions without dissolving, This makes them 
ideally suited aa absorbents of body fluids in many per- 
sonal care products sold today* including baby diapers, 
adult incontinence products and fommine napkins. But it 
wasn't always so. The widespread use of euperabsorbent 
polymers in personal care products is a recent phenome- 
non, even though the basic materials and ideas have been 
around for some time. It's a perfect example of an idea 
whose time has finally come. 

Th* commercially important superabsorbent polymers 
are sodium salts of cross-linked poly<aexylic acid), and 
graft copolymers of cross-linked polytecrylic acid) and 
starch. Cross-linJced and ewollahle po^acryiic acid) was 
described by W. Kern in 1$3S (1\ He made it by thermally 
polymerizing an aqueous solution of acrylic add and 
divinylbensene, The synthesis, properties and physical 
chemistry of cross4ibk©d poly(acrylic add) and a very 
aimilar material, cross-linked polytaethearyik acid) were 
studied in depth by Kuhn, KatchaUky and co-workers in 
the early 1960s (2, 3). A first practical use of cross-linked 
potassium pdyacrylate, made by irradiating an aqueous 
solution of the monomer, was as a water immobilizing 
agent in fire-fighting, as described by Bashaw and Harper 
m a patent (d). And in 1968, Harper and co-workers 
claimed cross-linked polyacrylates to be useful as abeerb- 
ents in diapers <5). In other patents. Harper axul coworkers 
(6), and Harmon (7), claimed the use of aimilar materials 
in absorbent medical and personal care products in the 
United States. Nevertheless, the large scale application of 
these materials languished until the early 1980s, when 
diapers containing superabsorbent polymer were made 
and sold commercially ih Japan (0). Hie products were a 
great success in Japan, and the idea was brought back to 
the United States by 1984. The new snperabsorbent dia- 
pers were then marketed in Europe by the late 1980fo. As 
a result, in Just over 10 years the superabsorbent polymer 
indizstxy grew to about 414,000 metric tone per year (9). 



Uses Of 

In baby diapers, superabsorbent polymers absorb, and 
retain under slight mechanical pressure, about 30 times 
their weight in urine. The resulting gel holds the liquid in 
a solid, rubbery state and prevents the liquid from leaking 
back onto the baby's skin and clothing* In a diaper, the 
polymer is mixed with 1-10 times its mass of cellulose Cuff 
{wood fiber) to make up the absorbent core of the diaper. 



The core is sandwiched between the porous top-sheet and 
the impermeable back-ehe*: to make a diaper (10), Before 
BUperabaorbent polymers, liquid in the absorbent core was 
held only in the open space between the fibers of cellulose 
fluffl In order to hold a large volume of liquid, the core had 
to have kite of open space and was, therefore, thick. Cores 
containing superabsorbenta can be thinner because a 
small volume of dry superabsorbent polymer can absorb 
many times its volume of liquid. In addition to thinner in- 
fant diapers, thin* garment- like training diapers that con- 
tain supertdbsorbent polyrnsr have become very popular. 
Superabsorbent polymers ore also used in some feminine 
napkins and adult incarrtin<»nce products,. 

Several applications are developing outside of the per- 
sonal care industry, and far many of them, dealing with 
l eaking water is also a common theme. For example, leak- 
ing water is often a problexi in the construction industry 
One new product is a e ealinj * composite that swells slightly 
in water. It is made by blending a superabeorbent powder 
into rubber with the aid of a aurfactamMike suhstance (11). 
The sealing composite is used, like mortar, between the 
concrete blocks affile building. If water contacts the com- 
posite, it swells to make a tight, impermeable harrier to 
further penetration of water. 6uch a composite was used in 
construction of the Channel Tunnel between Prance and 
England (12). 

Quiring water can also de grade the performance of fiber- 
optic communication cable; and power transmission ca- 
bles. Water-blocking tapes jirevent intrusion of water into 
the cables (IS). The teriblo, wai^r-bkickmg tape is made 
by applying a superabsortent polymer and a polymeric 
binder onto a non-woven fabric (14). The tape is wrapped 
j the cable, beneath iho plastic covering, and inter 



cepts any water that gets iihrough it. Because the cables 
are exposed to seawater or ground water that conteinfl di- 
valent cations, aupetabsorb ante containing sulfonate func- 
tional groups, rather than < arborync acid groups, are pre- 
ferred for this application < 16). 

In addition to its liquid-M titer absorption characteristic, 
superabsorbent polymers absorb water from the vapor 
State end therefore can be used to control humidity In fact, 
fflinerabsorhentB absorb ar*) release moisture from the air 
more effectively than silica geL This property can be used, 
for example, to prevent damage due to moisture condens- 
ing on walls and ceOxngs in hnrnid buildfcugB. Because pow- 
dered superabsorbent© are difficult to apply in such eases, 
superabsorbent sheets or siiperabaorbent fibers have been 
developed. For some uses, txich as absorbent pads hi meat 
and poultry packages (16), the polymer is laiomated be- 
tween two layers of tissue. More techmcally-SOpbisacated 
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0-4 mole 



+ 0.6 mote 



or 




0.03 molfl 



Free-radical Infttators 
in aqueous solution 




figure 1, Free-radloaJ pofymerfartion Of partiaWy fmutralteed aeryHc 
add, and Acnw»^nk«; In aqueous eohjflon to form a eqserabaorbent 
pofyaorytate. 

sheets are made by polymerising the monomers directly 
onto non-woven fabrics (i7). These products help maintain 
a constant humidity in vegetable and fruit storage build- 
ings and prevent spotting of the produce caused by water 
dripping from the surfaces of the structure {12)* 

Snperabeorbente can also help conserve water in agricul- 
ture and horticulture. For this purpose* the polymers are 
mixed into soil at a concentration of about 0.1 wt& This 
soil retains more moisture far longer times and plants live 
longer after germination. In one experiment, tire yields of 
Chinese cabbage increased about 10 % compared to the 
control plot without saperebsoribent polymer, using Hie 
same amount of water H2\ In day soils, euperabsorbent 
polymer helps improve the air content of the soiL 

Chemistry of Suporebenrbetrt Polymers 

In the manufacturing process of mmereheorbent poly- 
mer, partially neutralized acrylic acid and a crosstinker, 
such as triniethyldprt>penetrie^rylate r react in dpjueoue 
solution by a free-radical chain addition mechanism (Fig. 
1), The initiating radicals typically form by thermal he- 
molysis of pereuHate ions or by tea ctrion of persurfate with 
a reducing agent euch ae eodium. thicW&t^ The tough, 
rubbery reaction product is cut into email piece* and then 
dried in large, continuous ovens and the dry polymer cakes 
are nulled into irregular granules (about 3OO6O0 micron 
mean particle diameter) that are used in cUapere.The com- 
merdally available supereJtworbenta are manufactured by 
means of fairly complicated processes in order to tailor- 
make the materials for the desired applications. Literally 
hundreds of patents describe the details of the several 
processes employed, and extol the virtues of novel syn- 
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thetic steps. But a simply made polymer can suffice to 
demonstrate the properti es and be! Savior of these fascinat*- 
ing substances, 

A Simple Synthesis of Pofyncryf* e duperatMorbent 
Polymer 

• CfrotlwA/srylieetidkan 
in toxic by lnhalfttknou It maj pc*y tneriie explosively 

Assemble a polymerization react or from a 500-rnL resin 
reaction kettle^, steppers, poryethy] ene tubing, and a ther- 
mometer; as shown in figure 2, Tie reactor contentemay 
be stirred by means of a magnetic stirrer (2J2cVin< PTFE- 
coated stir bar). Mix to prepare a monomer solution: 

100.0 % ecrjlie add [79-10-7] 
300.0 g distilled wirier 

0,10 g ethylenedianunotetraacetic idd [60-OOUJ 
LOO g ethylene tfacrylate [221 63. 

In contrast to most commercial j processes that partially 
neutralize the acrylic acid before polymerization, here the 
monomer will be polymerized in iti; unneutrelized form to 
afford a more brittle reaction produ ct that is easily commi- 
nuted by hand. We shall also use the simple erass-hnker 
ethylene diacryiate in place of triniethylolpropenetriaciy- 
Late (a complex mixture of esters) that is often employed 
commercially. Place the monomer solution into the reactor, 
then stir, ynd de-oxygenate with :iitrogan gas, bubbling 
through the solution at a flow raht of 400 ml/miix for 30 
mux While the monomer solution is being de^nrygenated, 
make the initiator stock solutions «s follows: 
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* Dissolve O.B g sodium penralfate in 4*50 g di*- 
tilled water. 

* Dissolve O.B g sodium thiosulfate peutahydrate [10 102-17-7} 
m <L5Q g distilled water. 

* Dissolve GO mg tertiary butyl hydroperoxide [75-91-21 in 6-0 
g diBtilled water. 

When the requisite de-oxygenatioatime haB padded, add 
the following amounts of the initiator solution* to the 
monomer solution, using pipets or syringes, in the order 
listed, with stirring 

Tint, add 3.00 wL of eodiinn persuliatc solution. 
Second, add 1.50 P>L of tert-bufrl hydroperoxide solution. 
Third, odd 4.00 mL of sodium thiosnlfete solution. 

An exothermic reaction (caution !) begins within a few 
minutes if the monomer solution was adequately de-oxy- 
genated. The temperature will rise by about 70 *C. The 
conversion of monomer may be followed by mrmitoring the 
fractional temperature rise if the win reaction kettle is 
replaced by an adequately sized Dew&r flask* fitted with a 
large stopper having small holes bored into it through 
which the nitrogen bubbling tube may be passed, and a 
thermometer inserted. The system becomes an adiabatac 
system whose kinetics may be followed in a etratghtfor- 

wexdwaytW. ^ 

After the reaction has subsided^ as evidenced by a drop in 
temperature, cool the reactor and its contents by inunersing 
it in ice water- Slide the himp of clear, rubbery gel from the 
reactor by wetting a laboratory spatula with water, inserting 
ft between the glass wall of the reactor and the gel, andshd- 
ing the spatula around the perimeter of the gel to free it from 
the glass. The himp of gd may be crushed by band, using 
laboratory rubber gloves as skin protection (tha acidic gel 
sticks tenaciously to hare skin). Then neutralize the crum- 
bled mass of gel by addbng a solution of 75.00 g soraumi car- 
bonate chasolvedin 236.0 gof dfetffled water, Mr* the carbon- 
ate solution and the crumbled gel together in a 4-L beaker, 
using a spatula. The neutralization proceeds with a snapping 
and hissing action as the carbon dioxide, which is liberated 
during nentraKzaticn, escapes from the elastic gel. Set the 
mixture aside for about an hour to assure complete absorp- 
tkm of the neutralizing solution. Dry the neutralized, suner- 
absorbent polymer gal in a 100 °C oven. Crush the resulting 
glassy polymer in a mortar and pestle to obtain a granular 
m aterial . 

Armtyate of Superaht*rtwite 

The key properties of euperabeoTtent polymer are the 
swelling capacity and the elastic modulus of tha swollen, 
cross4hlked gel. Both of these properties depend upon the 

. . _ a .m -i 9 1 1 „ ■ . . i. ....... H jm±A 



crosslink nsnsrey ox ens nevwunu mramuB ««» 
swelling capacity decreases with increasing erosB-hnk den- 
e$ty. The cross-link density of superabsorbent polymer 
nsed in diapers is about 0.05 mole of crofifl-linker per hter 
of dry polymer. Because of this very low concentration, con- 
ventional spectroscopic techniques, such as infrared spec- 
troscopy and nuclear magnetic resonance spectrometry, 
are not very useful for characterizing the cross-link den- 
sity. The cross-link density can be estimated from meas- 
urements of the modulus or swelling capacity by applying 
an appropriate theoretical modeL The modulus is meas- 
ured by means of rheological methods and the swelling ca- 
pacity is measured using gravimetric methods. 

The most common measure of the swelling capacity is 
the centriruged capacity tI9). A porous bag, measuring 
about 3 Inches square, is made from a heat-sealable, 
water-wettable fabric (a tea bag). A few hundred milli- 
grams of the granular polymer is put into the bag, the bag 
is sealed; and then it is muneraed in the tost fluid, which 
is usually a solution of 0.9% NaCl in water, and left to swell 



for 30-90 rain . The unmoral time depends on the parti- 
cle size of the granules and their swelling rate. The bags 
are withdrawn from the bath and placed into a laboratory 
centrifuge, equipped with £ perforated spin-basket, and 
centriruged for a few minute to remove any unabsorbed 
fluid from between the particles of the gel. Alternatively, 
the wet bag may be blotted with a paper towel. The swel- 
ling capacity is calculated irom the ratio of the mass of 
fluid absorbed to the mass o P dry polymer. 

The elastic shear modules of swollen gels is typically 
measured by means of an osi illatory stress rbeometer (20). 
The swollen, mass of particle a is packed between the plates 
of the rheometer, and an oscillating shear Btress is applied 
to one plate. The motion of 1 he opposite plate is measured 
and depends on the damping; of the mechanical wave pass- 
ing through the sample. Ths shear modulus is calculated 
from the measurements. 

Other tests are used to measure Quid absorption under 
conditions that simulate tfcose in use. For example, the 
polymer in a diaper is under compression when a baby sits 
on the diaper. The absorber -cy under load test (21) meas- 
ures the swelling capacity of the polymer while an external 
pressure is applied to the sw siting geL Similar information 
may be collected by means of measurements of the swel- 
ling pressure, which is the pressure generated by the gel in 
contact with an external scutce of fluid while being con- 
fined to a given volume (22), These teste are related to the 
osmotic compressibility of tie network, which is a measure 
of how easily a given gel cai be deswolleu by an external 
pressure {231 

The extent of reaction and completeness of cross- rinsing 
also can be measured. The e mount of unreactcd monomer 
in a sample serves as a measure of the extent of monomer 
conversion in the polymerisation reaction. In this tech- 
nique, the monomer is extracted from the network and 
quantitated by means of liquid chromatography (24). The 
completeness of cross^linkin g can be estimated by measur- 
ing the amount of soluble polymer in the product. This is 
done by extracting the soluble polymer from the network 
and quantitating it by titration of the carboxylic acid 
groups (20), or by gravimetty* after drying the extract (391 
The degree of neutralisation of the carboxylic acid groups 
can be deteOTiined by mem is of a metal-ion specific elec- 
trode (55). 

Teaching with Suparab*oft*fit Polymers 

Chemioal Energy and Wor* 

One potential use of superabsorbent polymers is as a 
muscle-like material. The similarity of croas-linked poly- 
mer gala to muscle was recognized years ago by Kuhn and 
co-workers (260. One property of the gel tiiat is useful m 
this application 1b its sensitivity to changes in pH. 
Polyacrylate eunexabsorbente swell more in water at high 
pH than at low pH, and tins property can be used as a 
switch to enable an artificial muscle to expand and eon- 
tract The expanding gel cxn perform useful work, and, 
therefore, might be used as an artificial finger in robotics 
(27), for example. Hie work oedbrmed by an expanding gel 
can be measured in the following way. 

Obtain a 12.5-rom diamrter glass extraction thimble 
that has a coarse glass frit in the bottom. Obtain a small 
plastic disk that fits inside the barrel of the extraction 
Sumble and easily slides ^thin it. One may be cut and 
machined from a rod of p< 4y(methylinethHcrylate). The 
plastic disk will support hrs ss laboratory weights that will 
supply various downward forces on the swelling gel. Care- 
folly weigh 120 mg of dry mperabeorbent polymer gran- 
ule s into the dry extraction thimble . Tap the thimble gen- 
tly on a table top to help distribute the polymer granules 
evenly over the surface of the glass Frit. Then carefully 
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slide the plastic disk down on top of the layer of polymer. 
Add a small laboratory weight on top of the plastic disk 
(25-50 g will do nicely). Then place the thimble and its con- 
tents into a small, flat-bottomed container, such as a crys- 
talhfcuag dish, and add water to the crystallizing dish until 
the water level jttet touches the bottom of the glass frit. 
(Add a little blue food color to the water to increase the 
visual impact of the experiment-) The water wicks up 

through the frit and is absorbed by the superahaorbent 
polymer. The increasing volume of lie gel pushes the pte- 
ton and brass weight, performing work. 

The quantity of work W is determined by measuring the 
vertical distance d that the disk moves 

Wr>Fd 

where the force F ie taken as the product of the mass of the 
disk and air/ brass weight, and the acceleration of gravity. 
Hie amount of work provided per gram of dry polymer may 
be calculated from the data. 

The work is pressure-volume work and also may be cal- 
culated as the pressure P applied to the gel multiplied by 
the change in volume of the gel. The pressure applied to 
the gel is given by the force divided by the cross-sectional 
area of the plastic disk, over which the force is distributed. 
Hie volume change of the gel may be determined 
gravhnetncally by measuring the mass of the extraction 
thimble and its contents both before and after the liquid 
absorption process, calculating the change in mass and di- 
viding it by the density of the absorbed liquid. If the 
change in volume per gram of dry polymer is calculated* 
the work per gram of polymer may be compared to its value 
as determined by the gel-height method described above. 
Vames fox the work per gram of polymer may be measured 
using different weights and compared. In order to observe 
chan ges in gal volume with changing pH, buffer solutions 
may be poured into the top of the extraction thimble so 
that they trickle down through the gel. The gel will expand 
and contract in response to the change in its extent of neu- 
truncation. In addition, the gel wiO expand or contract as 
salt solutions of various ionic strength are passed through 
it. Una is caused by electrostatic screening of the fixed 
charges along the contour of the polymer chain. 

StZB-Exdus/on Chromatography And Absorption Law 

Another interesting phenomenon of superabsorbent 
polymers is their ability to absorb or reject solutes depend- 
ing on the size of the solute. Here we will enmpare the ab- 
sorption of water, containing a macromolecular solute, into 
the pores of paper and superabeorbent polymer. The po- 
rous nature of paper is due to the entanglement of macro- 
scopic fibers of cellulose and the porous nature of superab- 
sorbent polymer is due to the entanglement and 
cross-Unking of the molecular strands of the polymer. 
Therefore, the pores of the two materials have different 
characteristic sizes. As a result, solutes of different si«e 
can diffuse into the pores. The following experiment dem- 
onstrates the different pore sizes of paper and superabsor- 
bent polymer in a very visual manner. 

Make up a solution of 0,06% Hue dextran (Sigma Chemi- 
cal) in a previously prepared solution of 0,9% sodium chlo- 
ride in water. Blue dextran is a high molecular weight 
polymer that contains a covalently bonded dye. Suspend a 
strip of filter paper from a hook and dip the lower end into 
the solution of blue dextran. Let the paper absorb the solu- 
tion for 5-10 m in and note the distance that the liquid has 
moved. Also observe if the paper is wetted beyond the blue 
front. No difference should be apparent. Both the water 
molecules and the raacromoleculeB of dextran diffuse into 
the large poreB of paper. A very different result is obtained 
with superabsorbent polymer. 



Add about 0-5 g of Bupembsorbent porymer to €0 g of the 
blue dextran solution prepared above, and let the mixture 
stand for 60 min Stir the slurry of gi:l particles, and let them 
settle. The layer of gel particles is lighter in color and the 
liquid phase is darker blue. The pai tides of superabsorbent 
polymer absorb the water and salt in [lie aolutkm, but excinde 
the macromolecules of dextran Dece ase the pores are larger 
than water or salt but smaller than the dextran molecules. 
Therefore, the blue polymer beeonwa more concentrated in 
the liquid phase. The slurry may lie poured into a coarse 
screen filter to separate the gel fro* a the blue supernatant. 
The small amount of blue color remaining on the gel can be 
washed off with a little salt solution^ If the change in concen- 
traUon of the bmecolored materia is measured precisely, 
then the amount of liquid that was a bscrbed by the sunerab- 
sorbent polymer can be calculated. The change in concentre- 
tioa of blue-colored material may be found by measuring the 
intensity of light (617 nm wavelength) transmitted through 
the blue solution, using a spectroph ?tometar/. By Beers ab- 
sorption law, the intensify is proper iartaJ to the concentra- 
tion. The intensity of light passing through the solution of 
blue polymer is measured both before and after the swelling 
process, and these values are compared to the intensity of 
bight passing through solutions of Iznown concentration of 
blue dextran. TTns techm 

nune accurately the of ainmercial superab- 

sorbent polymers (SO). 

Students also could be encourage! to rind out how much 
superabsorbent polymer swells hi jure water, or in saline 
solutions of varying concentration c f salt or in saline solu- 
tions of salts other than sodium chl<<ride (calcium chloride, 
for example). In addition, the swell ing of these ionic poly- 
mers might be studied over a rang; of pH to see how the 
extent of ionization of the polymer a Sects its swelling char- 
acter. The rate of swelling of super absorbent polymers in 
various aqueous solutions aino caa be interesting. Stu- 
dents couM study diffusion phenomena by measuring the 
dependence of swelling rate an the size of the particles and 
on the temperature of the liquid. Experiments and obser- 
vations like these are why superabsorbent polymers have 
■ • fascinated generations of chemists, engineers, and physi- 
cists. In addition, over the past 10 y sars they have become 
a common material used by million! of people every day. 

■ 
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